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Abstract
Obesity-related hypertension is associated with increased activity of the renin-angiotensin-
aldosterone system (RAAS), increasing arterial stiffness. Aerobic exercise decreases pulse wave 
velocity (PWV), therefore a treatment option for hypertension and obesity. Assess RAAS activity 
and PWV before and after 4 weeks of aerobic training in unmedicated, pre-to-stage-1 
hypertensives. Ten obese subjects (52±3.2 years, body mass index ¼ 33.5±1.4) performed 30 min of 
aerobic exercise on a treadmill 3 days per week at 65%of peak oxygen consumption (VO2peak). 
Descriptive characteristics, systolic and diastolic blood pressure (SBP and DBP), PWV, and a blood 
draw was performed at baseline, following the 4-week control and training interventions. No 
differences in descriptive characteristics during the control period were observed, however, a 
significant decrease in plasma aldosterone (ALDO) (255.4±75 to 215.8±66 pg ml  1, P ¼ 0.001), 
SBP (140±12 to 136±10.4 mm Hg; P ¼ 0.02), DBP (89±4.2 to 85±6.3 mm Hg; P ¼ 0.03) and central 
PWV (11.2±0.6 to 9.8±0.8 m s  1; P ¼ 0.04) was shown pre-to-post exercise training. Four weeks 
of moderate-intensity aerobic training in obese, hypertensives decreases plasma ALDO 
independently of body weight and is significantly correlated to decreases in PWV reductions.
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Obesity-related hypertension is associated with increased activity of the renin-angiotensin-aldosterone system (RAAS), increasing
arterial stiffness. Aerobic exercise decreases pulse wave velocity (PWV), therefore a treatment option for hypertension and obesity.
Assess RAAS activity and PWV before and after 4 weeks of aerobic training in unmedicated, pre-to-stage-1 hypertensives. Ten obese
subjects (52±3.2 years, body mass index¼ 33.5±1.4) performed 30 min of aerobic exercise on a treadmill 3 days per week at 65%
of peak oxygen consumption (VO2peak). Descriptive characteristics, systolic and diastolic blood pressure (SBP and DBP), PWV, and a
blood draw was performed at baseline, following the 4-week control and training interventions. No differences in descriptive
characteristics during the control period were observed, however, a significant decrease in plasma aldosterone (ALDO) (255.4±75
to 215.8±66 pg ml 1, P¼ 0.001), SBP (140±12 to 136±10.4 mm Hg; P¼ 0.02), DBP (89±4.2 to 85±6.3 mm Hg; P¼ 0.03) and
central PWV (11.2±0.6 to 9.8±0.8 m s 1; P¼ 0.04) was shown pre-to-post exercise training. Four weeks of moderate-intensity
aerobic training in obese, hypertensives decreases plasma ALDO independently of body weight and is significantly correlated
to decreases in PWV reductions.
INTRODUCTION
The incidence of obesity and hypertension is escalating rapidly in
the United States. Population data report that there has been a
doubling of obese individuals since 1980, with an increase in the
number of obese hypertensives presently at 41% of the
population.1 Moreover, research reports that hypertension is six
times more frequent in obese than in lean individuals.2,3 This
disconcerting synergism brings serious health related problems as
obesity-related hypertension causes hemodynamic alterations
through structural adaptations as well as metabolic mechanisms.4
It has been shown that compared with lean controls, obese
individuals report elevated plasma renin activity (PRA) as well as
angiotensin II (Ang II) and plasma aldosterone (ALDO) levels that
cause vasoconstriction, ions, water and sodium reabsorption
leading to further increases in blood pressure (BP).5 The higher
systemic blood volumes and consequent greater cardiac output
reported by obese hypertensives may lead to a concomitant
increase in peripheral resistance and related increases in pulse
wave velocity (PWV) inducing heart and vascular wall
remodeling.4,6 Therefore, the renin-angiotensin-aldosterone
system (RAAS) is an important mechanism regulating fluid
balance.
Clinical data report that attenuation of PRA through pharma-
cological blockade or weight loss has been shown to decrease
ALDO and consequently resting BP.7,8 Moderate-intensity aerobic
exercise is prescribed as a cornerstone therapy for the prevention
and treatment of obesity and hypertension.9 It has been shown
that physical activity can positively affect the vasculature, lowering
PWV and improving arterial distensibility reducing resting systolic
(SBP) and diastolic (DBP) blood pressure by B4 mm Hg after
only 4 weeks of moderate-intensity aerobic exercise.10 These BP
reductions are of major clinical significance as decreases in resting
BP of 3 mm Hg have been shown to reduce the incidence of stroke
and all-cause mortality by 3- and 7-fold, respectively.11 However,
there are no known studies linking the beneficial changes in the
RAAS with aerobic exercise training in pre-to-stage-1 unmedicated
hypertensive humans.
Therefore, the purpose of this original independent prospective
investigation was to elucidate the effect of moderate-intensity
aerobic exercise on PRA and plasma Ang II and ALDO as well as




Ten obese, unmedicated, pre-to-stage-1 hypertensive12 individuals (seven
males, three females) between 40 and 60 years of age were recruited
through local community physicians after they had been identified within
the last year with pre- (n¼ 4) or stage-1 essential hypertension (n¼ 6). The
inclusion criteria were: (1) no history of diabetes, coronary heart disease or
kidney disease; (2) being nonsmokers; and (3) not being on any
medications, including antihypertensives or anti-inflammatories as
identified by their physicians and by a health history questionnaire. Due
to the confounding influence of estrogen on cardiovascular measures, only
postmenopausal women (history 412 months of amenorrhea) not
currently under hormone replacement therapy were recruited. The
present study was approved by the Institutional Review Board and all
subjects gave written consent.
Experimental design
Subjects reported to the laboratory at 0700 hours for each of the three
visits: at the start of testing for baseline measures (BLs), at the end of the
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4-week, pre-training control period (Pre) and at the end of the 4-week
aerobic training period, post exercise training (Post). Subjects received
cardiovascular and peak oxygen consumption (VO2peak) evaluations
followed by fasted blood marker assessment at 0700 hours within 24 h
of the final exercise session.
All subject visits took place at the same time of day to minimize diurnal
influences on tested physiological parameters. Pre-testing started with a
manual BP assessment and then subjects were asked to rest quietly in the
supine position in a dimly lit room for 15 min. Next, PWV was recorded at
central and distal sites followed by an electrocardiogram (heart rate) and
beat-to-beat BP recordings for a period of 10 min. After the second
laboratory visit, each subject underwent a supervised, 4-week aerobic
training program. The training prescription was designed using the values
attained from the preliminary exercise testing sessions. Aerobic training
consisted of 30 min supervised treadmill exercise, 3 days per week at 65%
of their VO2peak. At the conclusion of 4 weeks, the subjects reported back
to the lab within 24 h of their last exercise session for post-measurements.
Each exercise training session was supervised by a trained exercise
physiologist and subject compliance was 100%.
Anthropometric and body composition assessment
Body mass and stature were measured using a beam scale and a
stadiometer to the nearest 0.5 kg and 0.5 cm, respectively. Body mass index
was calculated as weight (kg) divided by height (m) squared. Body
composition assessment was determined by a BodPod whole body
plethysmography test (BodPod, Life Measurement Inc., Concord, CA, USA).
Peak aerobic capacity
To assess peak oxygen consumption, a modified Balke protocol was
utilized as previously described.13,14 Briefly, subjects started the test
walking at a speed of 3 m.p.h. with a 0% grade for 3 min. Treadmill speed
was then increased until a comfortable pace was reached and held
constant as grade increased by 2.5% every 3 min until volitional fatigue
was reached. Heart rate was measured and recorded every minute
throughout the test using a Polar Heart Rate Monitor (Polar Electro Inc.,
Woodbury, NY, USA). Ratings of perceived exertion were also assessed at
the end of each 3-min step.15 Expired gases were analyzed using a Quark
b2 breath-by-breath metabolic system (Cosmed, Rome, Italy). Maximal
exercise effort was considered achieved when subjects met three of the
following four criteria: (a) no change in heart rate with a change in
workload; (b) a final rating of perceived exertion score of 17 or greater on
the Borg scale (scale 6–20); (c) an RER greater than 1.15; and (d) a ‘plateau’
(increase of no more than 150 ml) in oxygen uptake with an additional
incremental increase in workload.
Central and peripheral arterial stiffness
PWV measurements were acquired with two MD6 bidirectional transcu-
taneous Doppler probes (Hokanson, Bellevue, WA, USA) in accordance with
the guidelines from the Clinical Application of Arterial Stiffness Task Force
3 and as previously reported by our laboratory.14,16 Each subject was
monitored with an EKG (modified CM5) and heart rate data was gated in
phase with the PWV measurements and used as timing markers for PWV
identification. Central PWV measures were obtained from the left common
carotid artery to the left femoral artery. Distances from the carotid site to
the mid-point of the suprasternal notch were subtracted from the carotid-
to-femoral artery distance. Peripheral PWV measures were obtained from
the left femoral artery to the ipsilateral superior dorsalis pedis artery. The
distance between each PWV location was obtained with a tape measure
and recorded to the nearest millimeter.
Data were collected in real time by aligning the Doppler waveforms and
the ECG tracings on a computer screen (MP100, BioPac Systems, Santa
Barbara, CA, USA). All readings were stored and analyzed offline at a later
time. PWV was measured from the foot-to-foot flow wave velocity, whereas
the foot of the sound wave was identified as the point of systolic upstroke.
A minimum of 12 pulse contours were recorded and analyzed as the
distances between points and the time delay between proximal and distal
foot waveforms were calculated as distance (D) divided by the change in
time (m s 1). One blinded technician analyzed all the data. The intra-class
correlation coefficient for PWV calculated using both central and
peripheral sites on two separate days was 0.97.
Hemodynamic monitoring
Each subject underwent BP measurements in compliance with the World
Health Organization guidelines with the recruiting physician before
the start of the study. BP was determined as the average of three
measurements using a manual mercury sphygmomanometer and a
stethoscope (Korotkoff phases I and IV for SBP and DBP, respectively).
For the acquisition of BP during supine rest, one-minute averages were
recorded for 10 min with the subjects in a supine position and attached to a
beat-to-beat BP monitoring system via finger plethysmography (Finometer,
FMS, Amsterdam ZO, The Netherlands). The Finometer estimates brachial
BP using an integrated brachial BP cuff and reconstructs brachial BP
waveforms from finger arterial waveforms by applying an inverse transfer
function, a waveform filter, a level correction and a level calibration.17
Blood analyses
Blood samples for 17beta-estradiol (E2), PRA and plasma Ang II
measurements were collected in ice-cold vacutainer tubes containing
EDTA (ethylenediaminetetraacetic acid) to inhibit metalloproteases at the
following concentrations: 5 mM E2; and 25 mM EDTA for PRA and Ang II.
PRA was measured by radioimmunoassay (GammaCoat Plasma Renin
Activity, DiaSorin Inc., Stillwater, MN, USA) and was defined as the rate of
Ang I generated from endogenous substrate. A previous method was
optimized for Ang II recovery and stability.18 Plasma (0.5 ml) was recovered
by centrifugation (3000 g 20 min, 4 1C), diluted to 2 ml in phosphate
buffer (50 mM sodium phosphate, 1 mM EDTA, 0.25 mM thimerosal, 0.25%
BSA) containing peptidase inhibitors at above final concentrations and
extracted on a phenyl solid-phase cartridge (Agilent Technologies, Santa
Clara, CA, USA). After washing columns twice with water (1 ml), Ang II was
eluted with methanol (750ml). The dried eluant was resuspended in 500ml
enzyme immunoassay buffer (Cayman Chemical Co., Ann Arbor, MI, USA)
and Ang II was measured by enzyme immunoassay. Assay linearity was
between 125ml and 1 ml of plasma. Blood samples used for plasma ALDO
measurements were collected using the anticoagulant heparin (14.3 USP
units ml 1) and aldosterone was measured by radioimmunoassay (Coat-A-
Count Aldosterone, Diagnostic Products, Los Angeles, CA, USA). The limits
of detection of these assays (in pg ml 1) are: E2, 3; PRA, 25; Ang II, 2 and
ALDO, 25. The complete blood count panel was sent to Upstate Medical
University Laboratories (Syracuse, NY, USA) for analyses using coded
subject identification.
Statistical analysis
Student’s t-test was employed to determine if statistical differences existed
in the descriptive characteristics. A 1 3 (BL, Pre and Post) ANOVA with
repeated measures using SPSS v18 (Chicago, IL, USA) and if a significant
interaction was found, a Bonferroni correction was applied to all
dependent variables. To delineate the effects of BP on PWV, we divided
MAP into PWV and tested if the adjusted values were significantly different.
Significance was set at an alpha o0.05 and all data were reported as
mean±s.e.m.
RESULTS
The descriptive characteristics of the subjects were reported in
Table 1. All female subjects had E2 levels below 7.5 pg ml
 1, thus
confirming their postmenopausal status (o10 pg ml 1). All male
Table 1. Descriptive characteristics at baseline, pre and post 4 weeks
of aerobic training
Variable BL Pre Post
Age (years) 54.1±2.8 54.1±2.8 54.1±2.8
Height (m) 1.62±0.08 1.62±0.08 1.62±0.08
Weight (kg) 73±3.0 73.0±5.0 72.5±3.0
Fat % 43±4.96 42.85±4.89 42.96±4.95
Fat weight % 45±6.13 44.3±4.73 45.5±6
Lean weight % 58.89±5.3 58.85±5.37 59.7±5
BMI (kgm 2) 33.5±1.4 33.5±1.4 33.5±1.4
Abbreviations: BL, baseline measure; BMI, body mass index. Values are
mean±s.e.m.
and female subjects were in the pre- to-stage-1 hypertensive
range (Table 2) as defined by the Joint National Committee for the
Prevention, Detection, Evaluation and Treatment of High Blood
Pressure (JNC 7) criterion.12
Four weeks of aerobic exercise training did not affect body mass
index (Table 1) and blood panel analysis of sodium, potassium,
chloride, carbon dioxide, aniongap, calcium, blood urea nitrogen,
creatinine and plasma glucose pre-to-post training and between
BL and Pre conditions (Table 3). No significant differences were
found in any of the Pre and BL values, therefore, we used the Pre
values when making comparisons with Post values. Results
reported a significant reduction in ALDO (P¼ 0.04) between Pre
and Post conditions (Figure 1). No significant differences in PRA
and Ang II were found between all conditions examined (Table 2).
Four weeks of aerobic exercise resulted in a mean decrease of
4 mm Hg (SBP and DBP) (P¼ 0.042) (Table 2) and a significant
reduction in central PWV (P¼ 0.038, Figure 2) between Pre and
Post training. We employed a Pearson’s correlation to determine
the level of correlation between ALDO and PWV and BP changes
and found that ALDO was moderately correlated to PWV (r¼ 0.45)
yet weakly correlated to SBP decreases (r¼ 0.33). No significant
differences in PRA were detected between men and the age-
matched postmenopausal women at BL, Pre or Post; however,
when comparing Pre with Post, the PRA levels approached
significance (P¼ 0.08). Further, a Pearson’s correlation coefficient
between significant groups was employed to determine the level
of correlation.
DISCUSSION
The present study has shown that 4 weeks of aerobic training
decreased BP, central PWV and plasma ALDO without significant
decreases in body composition in unmedicated middle-aged men
and age-matched postmenopausal women. It is well known that
aerobic exercise confers a protective effect on cardiovascular
diseases in adults with concomitant reductions in BP and arterial
stiffness. In accordance with our study, previous researchers report
that 1–4 weeks of moderate-intensity aerobic training reduced
BP10,19 and markers of arterial stiffness, without associated
changes in aerobic fitness or body composition.20 Similar to our
findings, Kohno et al.21 found that individuals with elevated
baseline PRA and hypertension showed the greatest decreases in
BP after 3 weeks of moderate-intensity training. Conversely, there
is a lack of studies addressing RAAS reductions in an unmedicated,
hypertensive group following aerobic training. Jones and
colleagues (2007) reported that 6 months of aerobic training
lowered plasma ALDO without changes in BP and loss of intra-
abdominal fat in pre-hypertensive and hypertensive subjects;
however, unlike our study, some of their subject population was
treated pharmacologically.22 Interestingly, the significance of the
reduction in cardiovascular variables such as BP and PRA may
depend highly on the timing of data collection. Zhang et al.23 has
shown that 1–4 weeks of low-to-moderate-intensity leg ergometry
led to significant decreases in BP, PRA and Ang II, whereas data
collection of the same variables from weeks 4–10 showed a
plateau in these data. Taken together, this suggests that the
timing of data collection for exercise studies in individuals with
elevated BP is crucial to capture BP and hormone changes that are
unrelated to humoral factors and plasma volume changes.
It is well known that increases in plasma ALDO concentrations
lead to increases in PWV transit times within an adult hypertensive
population. This is likely a result of localized mineralocorticoid
receptor activity within the endothelium24,25 as a significant
association exists between serum ALDO and central PWV, but not
peripheral PWV measurements.26 This result may indicate that
ALDO is more influential in central pressure regulation than in
peripheral vascular beds which is congruent with current data
showing ALDO receptors more highly positioned in the large
conduit than in the muscular peripheral arteries decreasing the
influence of ALDO on the peripheral arteries.27
The substantial reduction in ALDO following aerobic exercise
training is the most significant finding of our study. Plasma ALDO
concentrations, along with PRA and plasma Ang II have been
reported to be higher in obese subjects when compared with a
leaner population.28 Overexpression of PRA and plasma ALDO is
common in obese subjects and elevated levels increase blood
volume and vascular resistance.5 At present, it has been shown
that elevated levels of ALDO are positively correlated with
increased aortic and arterial stiffness, resulting in deleterious
effects on large arteries.29 Matsui et al.29 has recently shown that
pharmacological treatment with thiazide diuretics significantly
correlated with decreases in plasma ALDO and aortic PWV in
hypertensive individuals. Exercise is a common therapy prescribed
to decrease obesity status and BP. Few studies exist regarding the
correlation of plasma ALDO on BP following exercise in an obese,
hypertensive population. Our study suggests reduced plasma
ALDO contributes independently to the reduction in SBP and DBP
and central PWV.
This is the first study to match such findings in an obese,
unmedicated hypertensive cohort. Using a wait-listed control
period increases the power of the study and also enables the
researchers to evaluate reliability of assays and measurements
while the subjects act as their own controls. It is well known that
weight loss is the primary reason for the reduction in PRA and
plasma ALDO, resulting in lowered extracellular volume, sympa-
thetic nervous system activity and improved insulin resistance.30,31
Exercise training has been shown to reduce both systolic and
diastolic BP in normotensive and hypertensive adults via changes
in body composition and weight loss.32,33 One study compared
racial differences in plasma ALDO and BP showing six months of
aerobic exercise moderately lowered plasma ALDO but not BP in a
medicated and unmedicated cohort.22 However, the investigators
reported a mean baseline BP below the hypertensive level, which
may have been resultant of the medications the individuals were
prescribed and body composition reductions. It is important to
note that our duration and intensity of exercise training did not
result in significant changes in body composition or plasma
volume. Our study is in congruence with Whelton et al.34 as they
showed BP reductions following aerobic training in both
normotensive and hypertensive subjects with minimal weight
loss. Combined with our results, these findings suggest that the
ALDO decrease following moderate-intensity aerobic exercise
training was independent of decreases in body weight. Previous
studies have indicated factors associated with weight loss as
mediation for improved vascular smooth muscle tone and artery
compliance.35 However, our blood analyses revealed no significant
alterations in PRA, Ang II or any other blood markers analyzed,
Table 2. Cardiovascular and metabolic parameters at baseline, pre
and post 4 weeks of aerobic training
Variable BL Pre Post
VO2peak
(ml kg 1min 1)
32.4±2.4 — 33.7±3.1
PRA (ngml 1 h 1) 0.979±0.16 0.845±0.11 0.592±0.10
Ang II (pgml 1) 934±190 933±177 931±107
SBP (mmHg) 140±10.3 140±12 136±10.4a
DBP (mmHg) 90±5.4 89±4.2 85±6.3a
HR (b.p.m.) 66±3 67.8±4.3 64.8±2.9
Abbreviations: Ang II, angiotensin II; BL, baseline measure; DBP, diastolic
blood pressure; HR, heart rate; PRA, plasma renin activity; SBP, systolic
blood pressure; VO2peak, peak oxygen consumption. Values are reported as
mean±s.e.m. aDenotes significance at Pp0.05.
reinforcing the assumption that decreased ALDO concentrations
was the main factor responsible for BP and PWV reductions.
Our study also revealed a trend in PRA (37% decrease,
P¼ 0.064) inhibition after moderate-intensity exercise training
whereas Martinelli et al.36 found no changes in PRA despite their
observed reductions in BP and PWV. They theorized insufficient
weight loss as the likely reason for not observing any changes.
Dubbert et al. (1994); however, reported that 10 weeks of aerobic
exercise lowered plasma catecholamines, PRA and arterial BP in
untreated hypertensive subjects. Their data analyses on SBP
changes were significantly correlated with changes in PRA, but not
with body fat, suggesting that the decrement in PRA was the
primary cause for lowered SBP.37 Our changes in PRA could be a
contributor to the decreases we realized in PWV and BP; however,
PRA decreased slightly after the baseline measurement and PWV
increased in the study group, suggesting a threshold may need to
be exceeded before PRA contributes to decreases in PWV or our
sample size was too small to distinguish between the changes
following BLs. In a post hoc calculation of sample size, an increase
of only two subjects would have given us enough power to
determine the differences in baseline and PRA differences.
Pharmacologic inhibition of angiotensin-converting enzyme has
been shown to benefit the endothelium in heart failure patients
by increasing NO bioactivity or by attenuating reactive oxygen
species, which prevents the interaction of superoxide anions
which serve to increase endothelial NO synthase expression and
activity.38 Aerobic exercise training has been shown to augment
the bioavailability of NO through increases in endothelial NO
synthase, leading to beneficial decreases in arterial resistance and
BP in normotensives and hypertensive individuals.39 However, it
has been suggested that adipocyte markers, specifically elevated
plasma leptin hormone, contribute to increased Ang II levels in an
obese population. Their study associates weight loss with
appreciable decreases in Ang II levels, which would confer
benefits of reduced arterial resistance, in turn lowering BP. As
aforementioned, our subjects did not change their body
composition as a result of the exercise training, which may
explain the insignificant change in Ang II levels. The variation in
our Ang II response may have been due to the genetic variability
in the modulation of Ang II due to the inter-individual influence of
genetic factors on plasma angiotensin and angiotensin-converting
enzyme activity.40 This suggests that moderate-intensity aerobic
exercise and the associated depressor response linked to Ang II,
obesity and hypertension may be realized only in those
individuals that are determined to be ‘responders’.
CONCLUSIONS
Independent of genetic factors, the relationship between obesity
and hypertension is not fully understood and current research
offers only speculation. Until now, the availability of literature with
analysis of ALDO concentrations in human hypertensive models
was not in existence. The present study has shown that
aldosterone is attenuated in unmedicated, pre-to-stage-1 hyper-
tensive individuals independently of body weight following 4
weeks of moderate-intensity aerobic training, resulting as the
main factor responsible for SBP, DBP and PWV reductions.
Therefore, this exercise practice may offer an alternative therapy
for obesity-complicated hypertension.
Table 3. Blood panel at baseline, pre and post 4 weeks of aerobic training
Variables BL Pre Post
Sodium (mgdl 1) 141.4±1.26 141.5±1.85 142.1±1.37
Potassium (mgdl 1) 4.0±0.13 4.1±0.12 4.2±0.15
Chloride (mgdl 1) 103.7±1.42 104.6.±1.65 104.9±1.97
Carbon dioxide (mgdl 1) 26.7±2.36 26.9±1.85 26.2±2.39
Aniongap (mgdl 1) 10.4±1.96 10.0±1.05 10.7±1.95
Serum calcium (mgdl 1) 9.1±0.29 9.1± 0.32 9.2±0.36
Blood urea nitrogen (mgdl 1) 16.2±2.15 16.3±2.63 15.8±2.44
Creatinine (mgdl 1) 0.86±0.12 0.88±0.09 0.86±0.12
Free calcium (mgdl 1) 293.2±2.82 294.3±1.64 295.0±3.33
Glucose (mgdl 1) 82.4±7.71 83.3±6.57 85.3±10.27
Hemoglobin (mgdl 1) 15.1±0.55 16.4±1.2 14.2±1.4
Hematocrit (mgdl 1) 43±0.8 44±1.1 42±2.2
Abbreviation: BL, baseline measure. Values are expressed as mean±s.e.
Figure 1. Plasma aldosterone (ALDO) levels at baseline (BL), before
(Pre) and after (Post) 4 weeks of aerobic training. Data are presented
as mean±s.e., *Pp0.05 from Pre to Post.
Figure 2. Central pulse wave velocity (PWV) at baseline (BL), before
(Pre) and after (Post) 4 weeks of aerobic training. Data are presented
as mean±s.e., *Pp0.05 from Pre to Post.
What is known about topic
 Hypertension is six times more frequent in obese than in lean
individuals.
 Compared with lean controls, obese individuals report elevated
plasma renin activity as well as angiotensin II and plasma aldosterone,
causing further increases in blood pressure.
What this study adds
 Four weeks of aerobic training decreased BP, central PWV and
plasma ALDO without significant decreases in body composition in
unmedicated middle-aged men and age-matched postmenopausal
women.
 The timing of data collection for exercise studies in individuals with
elevated BP is crucial to capture BP and hormone changes that are
unrelated to humoral factors and plasma volume changes.
CONFLICT OF INTEREST
The authors declare no conflict of interest.
REFERENCES
1 Brown CD, Higgins M, Donato KA, Rohde FC, Garrison R, Obarzanek E et al. Body
mass index and the prevalence of hypertension and dyslipidemia. Obes Res 2000;
8(9): 605–619.
2 Gillum RF, Mussolino ME, Madans JH. Body fat distribution and hypertension
incidence in women and men. The NHANES I Epidemiologic Follow-up Study. Int J
Obes Relat Metab Disord 1998; 22(2): 127–134.
3 Vasan RS, Larson MG, Leip EP, Kannel WB, Levy D. Assessment of frequency of
progression to hypertension in non-hypertensive participants in the Framingham
Heart Study: a cohort study. Lancet 2001; 358(9294): 1682–1686.
4 Voller H, Schmailzl KJ, Bjarnason-Wehrens B. Obesity and cardiovascular diseases-
theoretical background and therapeutic consequences. Z Kardiol 2004; 93(7):
503–513.
5 Sarzani R, Salvi F, Dessi-Fulgheri P, Rappelli A. Renin-angiotensin system,
natriuretic peptides, obesity, metabolic syndrome, and hypertension: an
integrated view in humans. J Hypertens 2008; 26(5): 831–843.
6 Rider OJ, Tayal U, Francis JM, Ali MK, Robinson MR, Byrne JP et al. The effect of
obesity and weight loss on aortic pulse wave velocity as assessed by magnetic
resonance imaging. Obesity (Silver Spring) 2010; 18(12): 2311–2316.
7 McInnes GT. Renin inhibition: the holy grail of renin-angiotensin system blockade?
J Hum Hypertens 2007; 21(10): 766–769.
8 Tuck ML, Sowers J, Dornfeld L, Kledzik G, Maxwell M. The effect of weight
reduction on blood pressure, plasma renin activity, and plasma aldosterone levels
in obese patients. New Engl J Med 1981; 304(16): 930–933.
9 Pescatello LS, Franklin BA, Fagard R, Farquhar WB, Kelley GA, Ray CA. American
College of Sports Medicine position stand. Exercise and hypertension. Med Sci
Sports Exerc 2004; 36(3): 533–553.
10 Collier SR, Kanaley JA, Carhart Jr. R, Frechette V, Tobin MM, Hall AK et al. Effect of 4
weeks of aerobic or resistance exercise training on arterial stiffness, blood flow
and blood pressure in pre- and stage-1 hypertensives. J Hum Hypertens 2008;
22(10): 678–686.
11 Campbell L, Marwick TH, Pashkow FJ, Snader CE, Lauer MS. Usefulness of an
exaggerated systolic blood pressure response to exercise in predicting myocardial
perfusion defects in known or suspected coronary artery disease. Am J Cardiol
1999; 84(11): 1304–1310.
12 Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo JL et al. Seventh
report of the Joint National Committee on prevention, detection, evaluation, and
treatment of high blood pressure. Hypertension 2003; 42(6): 1206–1252.
13 Donnelly JE, Pronk NP, Jacobsen DJ, Pronk SJ, Jakicic JM. Effects of a very-low-
calorie diet and physical-training regimens on body-composition and resting
metabolic-rate in obese females. Am J Clin Nutr 1991; 54(1): 56–61.
14 Collier SR, Frechette V, Sandberg K, Schafer P, Ji H, Smulyan H et al. Sex
differences in resting hemodynamics and arterial stiffness following 4 weeks of
resistance versus aerobic exercise training in individuals with pre-hypertension to
stage 1 hypertension. Biol Sex Differ 2011; 2(1): 9.
15 Borg GA. Psychophysical bases of perceived exertion. Med Sci Sports Exerc 1982;
14(5): 377–381.
16 Van Bortel LM, Duprez D, Starmans-Kool MJ, Safar ME, Giannattasio C, Cockcroft J
et al. Clinical applications of arterial stiffness, Task Force III: recommendations for
user procedures. Am J Hypertens 2002; 15(5): 445–452.
17 Imholz BP, Wieling W, Langewouters GJ, van Montfrans GA. Continuous finger
arterial pressure: utility in the cardiovascular laboratory. Clin Auton Res 1991; 1(1):
43–53.
18 Allred AJ, Chappell MC, Ferrario CM, Diz DI. Differential actions of renal ischemic
injury on the intrarenal angiotensin system. Am J Physiol Renal Physiol 2000;
279(4): F636–F645.
19 Watts K, Beye P, Siafarikas A, Davis EA, Jones TW, O’Driscoll G et al. Exercise
training normalizes vascular dysfunction and improves central adiposity in obese
adolescents. J Am Coll Cardiol 2004; 43(10): 1823–1827.
20 Madden KM, Lockhart C, Cuff D, Potter TF, Meneilly GS. Short-term aerobic
exercise reduces arterial stiffness in older adults with type 2 diabetes, hyper-
tension, and hypercholesterolemia. Diabetes Care 2009; 32(8): 1531–1535.
21 Kohno K, Matsuoka H, Takenaka K, Miyake Y, Nomura G, Imaizumi T. Renal
Depressor Mechanisms of Physical Training in Patients With Essential Hyperten-
sion. Am J Hypertens 1997; 10(8): 859–868.
22 Jones JM, Dowling TC, Park JJ, Phares DA, Park JY, Obisesan TO et al. Differential
aerobic exercise-induced changes in plasma aldosterone between African
Americans and Caucasians. Exp Physiol 2007; 92(5): 871–879.
23 Zhang B, Sakai T, Noda K, Kiyonaga A, Tanaka H, Shindo M et al. Multivariate
analysis of the prognostic determinants of the depressor response to exercise
therapy in patients with essential hypertension. Circ J 2003; 67(7): 579–584.
24 Matsui Y, Eguchi K, O’Rourke MF, Ishikawa J, Shimada K, Kario K. Association
between aldosterone induced by antihypertensive medication and arterial
stiffness reduction: The J-CORE study. Atherosclerosis 215: 184–188.
25 Bauersachs J, Fraccarollo D. Endothelial NO Synthase Target of Aldosterone.
Hypertension 2006; 48(1): 27–28.
26 Park S, Kim JB, Shim CY, Ko YG, Choi D, Jang Y et al. The influence of serum
aldosterone and the aldosterone-renin ratio on pulse wave velocity in hyper-
tensive patients. J Hypertens 2007; 25(6): 1279–1283.
27 Lombes M, Oblin ME, Gasc JM, Baulieu EE, Farman N, Bonvalet JP.
Immunohistochemical and biochemical evidence for a cardiovascular miner-
alocorticoid receptor. Circ Res 1992; 71(3): 503–510.
28 Engeli S, Sharma AM. The renin-angiotensin system and natriuretic peptides in
obesity-associated hypertension. J Mol Med 2001; 79(1): 21–29.
29 Matsui Y, Eguchi K, O’Rourke MF, Ishikawa J, Shimada K, Kario K. Association
between aldosterone induced by antihypertensive medication and arterial
stiffness reduction: the J-CORE study. Atherosclerosis 2011; 215(1): 184–188.
30 Mertens IL, Van Gaal LF. Overweight, obesity, and blood pressure: the effects of
modest weight reduction. Obes Res 2000; 8(3): 270–278.
31 Straznicky NE, Grima MT, Lambert EA, Eikelis N, Dawood T, Lambert GW et al.
Exercise augments weight loss induced improvement in renal function in obese
metabolic syndrome individuals. J Hypertens 2011; 29(3): 553–564.
32 Neter JE, Stam BE, Kok FJ, Grobbee DE, Geleijnse JM. Influence of weight
reduction on blood pressure: a meta-analysis of randomized controlled trials.
Hypertension 2003; 42(5): 878–884.
33 Wildman RP, Mackey RH, Bostom A, Thompson T, Sutton-Tyrrell K. Measures of
obesity are associated with vascular stiffness in young and older adults.
Hypertension 2003; 42(4): 468–473.
34 Whelton SP, Chin A, Xin X, He J. Effect of aerobic exercise on blood pressure:
a meta-analysis of randomized, controlled trials. Ann Intern Med 2002; 136(7):
493–503.
35 Orr JS, Gentile CL, Davy BM, Davy KP. Large artery stiffening with weight gain in
humans: role of visceral fat accumulation. Hypertension 2008; 51(6): 1519–1524.
36 Martinelli B, Barrile SR, Arca EA, Franco RJ, Martin LC. Effect of aerobic exercise on
plasma renin in overweight patients with hypertension. Arq Bras Cardiol 2010;
95(1): 91–98.
37 Dubbert PM, Martin JE, Cushman WC, Meydrech EF, Carroll RG. Endurance
exercise in mild hypertension: effects on blood pressure and associated metabolic
and quality of life variables. J Hum Hypertens 1994; 8(4): 265–272.
38 Bauersachs J, Widder JD. Endothelial dysfunction in heart failure. Pharmacol Rep
2008; 60(1): 119–126.
39 Higashi Y, Sasaki S, Kurisu S, Yoshimizu A, Sasaki N, Matsuura H et al. Regular
aerobic exercise augments endothelium-dependent vascular relaxation in
normotensive as well as hypertensive subjects: role of endothelium-derived nitric
oxide. Circulation 1999; 100(11): 1194–1202.
40 Kim K. Association of angiotensin-converting enzyme insertion/deletion
polymorphism with obesity, cardiovascular risk factors and exercise-mediated
changes in Korean women. Eur J Appl Physiol 2009; 105(6): 879–887.
RAAS changes following exercise
SR Collier et al
